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RESTRIGTED BULIETIN

SPINNING OF LARGE ATRPLANES.
By Oscar Seldman

SUMMARY

Because large alrplanes of the transport and bomber
categories have been reported to have spun inadvertently,
the available information on the subjJect has been reviewed.
Results of model tests, as well as reports of full-scale-
airplane spins, were consldered., It 1s concluded that
large ailrplanes should not be intentionally spun because
these alrcraft are not desligned for the loads and speeds
that may be encountered in the spln and recovery.

If a large airplene 1s stalled, elther lnadvertently
or for famillarization purposes, the pllot should apply
suffliclent down elevator to relieve the stall at the very
first sign of stalling. The throttles should be closed
1f the airplane has started to roll off l1nto a turn and
the nose has dropped appreclably. Even after the alrplane
has rolled off on a wing, the pllot can regaln control by
promptly moving the stlck forward and then using all three
controls to return to level flight.

Tor recovery from fully developed inadvertent svoins,
the rudder esnd wheel should be moved against the turn and,

about %—turn later, the control column should be moved

forward. In a spin while on instrument flight, the ball
benk indicator should not be relled upon to indicate the
proper direction in which to move the wheel or rudder,
but the rate-of-turn indicator should be used to deter-
mline the direction 1n which to move the rudder amd to
1ndi cate when the rotation has stopped. The pull-out
from the recovery dive should be started promptly to
avold bullding up excesslve speed, but the pllot must be
careful not to pull out too rapldly as the &airplane
might stall agaln or the structural loads might become
excessive. In a apln the pllot would probably encounter
difficulty in moving the controls and might have to meke
use of the tabs end other booster devices; however, he
should be careful to avold overcontrollling after spin
recovery.
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_ INTRODUCTION

Pllots who fly large airplanes = thst 1s, transports
and bombers - heve normally had no experlence 1n spins
of such airplanes although these pllots will have been
Wchecked out" 1in stells. Their spin training has been
obtained on small highly meneuversble alrplecnes. Large
alrplanes are not lntentionelly spun, except on rare
occaslons, for reasons that willl be sgpparent 1ln the dis-
cussion to follow. Relatively little information 1s
generally avellable, therefore, on spln charscteristics
of the large elrcraft. '

Inasmuch as large aslrplanes have been inadvertently
spun or have been in verlous stages of spin entry, pllots
are naturally Iinterested 1n knowing whet to expect if
thelr alrplane should get into a spin. The Safety Bureeu
of the Civil Aeroneutlcs Boerd therefore requested thet
the NACA meke such Information avalleble and the present
report was prepared as a result of thils request. The
information presented herein 1s considered of interest
to both civll and military pillots.

The NACA has obtslned a falr smount of data on the
spin characterlstics from free-spinning tunnel tests of
models of large sirplanes. The tunnel provides a verti-
celly rising air stream in which the alrplane model spins
entirely unsupported except by the air forces. After
the model hss been launched 1n a fully developed spin,
observetions ere mede of the effectiveness of the con-
trols for recovery when they sre operated by a remote-
controlled mechenlcal pllot. Most of the discussion of
spinning In the present paper 1s based on results of
tunnel tests of sbout & dozen models. A limited amount
of actual flight dste hes been gathered from pllots!
reports and from accident lnvestligsetions. Pertinent
desta on pllots! spln experiences have been obtained from
alrcraft mamufacturers, alrlines, snd the military
services.

Although the present report 1s primarlly intended
to cover spin charecteristics, a brief discussion of
stalling 1s slso glven. The dlscussion of stelling is
largely based on the experlences of NACA test pilots.

The entlre report has benefited from sugzestions
made by Mr. Melvin N. Gough, Chief Test Pilot of the
NACA Langley Memorial peronautical Laboratory.



NACA RB No. ILTIO7 : ' 3

DESIGN FEATURES OF LARGE AIRPLANES

The large alrplanes referred to are the present-day
conventional monoplane transport, bomber, and multiengine-
attack types welghing more than the arbitrarily selected
limit of 18,000 pounds. These alrplenes are two-. or
four-engine types. As a result of the-installation of .
engines and other items in the wings, the distribution
of mass of these airplenes as a group, as measured by
the airplane moments of Inertia, is greater -along the
wings than along the fuselage. The Douglas DC-3 1is fairly
reprosentative of the class although 1t has more mass
along the fuselage than  along the wings. Because of their
Intsnded use, all these alrplanes hre less maneuverable
than and are not designed fcr as high structurael strength
as the smaller types. )

The alrplanes for wi1ich spin-tunnel-model results
wera analyzed included 10 twin-engine and 2 four-englne
designs ranging in welght from 18,000 pounds to
120,000 pounds. Several of the2 twin-engine airplenes in
the group were of the relatively more maneuverable combat
types. All were conventlonal in appéarance although
twin~-boom tail arrangements were included.

STALL CHARACTEPRISTICS
Stalling

The subject of stell characteristics is a much
broader subject than spinning and hes been covered pre-
vliously in seronautlicsasl literature. The stall charac-
teristlcs of large alrplanes vary widely among different
specific designs as do those of smaller alrplaenes. ‘'The
stall precedes the entry into & spin. In the worst case,
the stall may result in a violent rolling motion of which
the pllot receives no advance warning and ageinst which
the alleron control 1s complstely ineffective or even
detrimental. In most cases the ailerons should not be
used. If the control column 1s not promptly moved forward
a suffliecient amount—-to unstall the wing, the wing-dropping
may lead to & spiral, s spin, or a falling leaf. In most
etalls the alleron effectiveneas will be reduced. In
better stalls the rolling motion may be less violent and
edvance notice may be glven the pilot in the form of mild




L _ NACA RB No. ILI07

buffeting or control shske. For some alrplanes no rolling
motion 1s involved and the airplane simply pitches nose
down after mild buffeting. An alrplane thet normally
stalls gently may show a violent stall under adverse

icing conditions. For most eilrplanes, the wing-dropping
wlll be more violent with power on than with power off.
The stall in the landing condition (gear and flaps down)
1s frequently milder thean In the clean condition although
the worst case 1s almost always ‘for the pertial-power,
partlial-flap, approach condition. If the stall charac-
terlstlcs are good, the experienced plilot can usuelly
meke the alrplene recover from the stealled condition
before the spln actually gets started. NACA test pllots
have, in fact, made slowly spproached stells in all types
of large alrcraft and, slthough varlous types of stalls
and roll-offs have been encountered, none have been uncon-
trollable or have gone heyond the very filrst stages of
spin entry. '

Spin Entry

Inadvertent spins generally result from stalls that
have been followed by a violent dropping of one wing.
When the wing loses its 1ift and drops, the nose of the
alrplane also drops eand the eirplane slips in the direc-
tlon of the low wing. This slipping motion will lead
to an ailr force on the vertical tall tending to turn
the alrplene off course toward the low wing. This initigl
turning motion, which glves a change in heading, does
not constitute & true spin. Inasmuch as the stall and
roll-off is produced solely by the high angle of attack,
which is controlled by the elevator, control can still
be regalned by first unstelling the airplane by use of
the elevator end then using rudder and allerons as
avallable end required to counteract yawlng and rolling.
If the elevator 1s moved down more than necessary, the
alrplene will plck up too much speed. If, however, the
pllot falls to check the inciplent spin by moving the
stick forward promptly, the sirplane progressively winds
up into a stable spin. The rudder and allerons wlll tend
to blow with the spin (thst is, right pedsl forward and
wheel to the right in a right spin) and the elevsetor
wlll tend to blow upward. The number of turns before
the alrplane gets into a fully developed spln varies
with different alrplanes; the consensus 1s that the
number of turns ls greater than one but less then five.
The essentisl polnt 1s that recovery becomes lncreasingly
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~ G1fficult and requires more turns and altitude loss from

the time of the initial stall-until- the spin.steadies
down. Recovery should therefore be started as promptly
as possible at the very firat indlcation of .the stall.

SPIN CHARACTERISTICS OF LARGE AIRPLANES

It has been found that present-day large alrplanes
have, as a group, certaln common spin characterlstics:

(1) The spins generally tend to be steep (airplane
nose down more than 45° from the horizontal). The alr-
plane may exhiblt some tendency for oscillations or, in
extreme cases, for a whipplng motion during which the
attitude varies. .

(2) Rates of descent will be high, reaching from
115 to 280 miles per hour {10,100 to 2,600 feet per
minute). Inasmuch as the path of descent is almost
vertical, these flgures also represent the true alrspeed.
At an altlitude of 10,000 feet, & trus slrspeed of

280 mliles per hour is equivalent to an irndicated alrspeed
of 20 miles per hour. The rate of rotation will be
relatively low compared with that for small airvlanes.
The time for one turn wlll be about 5 seconds for four-
engine glrplanes-and about 2 seconds for twin-engine
designs. An average large alrplane might, for example,
drop 1000 feet at each tum.

(3) As a result of the rotation, the alrnlane will
be subjected to an acceleratlion of 1l.5g to 3g at the
center of gravity. Occupants near the center of gravity
will be held down by a force of 1.5 to % times their
welght. The acceleration at the tall might be as much
as &

(L) The flattest spins will be obtsined when all
three controls are deflected fully with the splin. The

‘most rapld recovery will be obtained by reversing all

three controls. Moving the control column forward after
the rudder has been reversed (that i1s, moved against the
turn) will be very effective for recove?y. Moving the
wheel against the splin (that 1s, to the same side that
the rudder 1s moved) wlll also speed up recovery. In
most cases, the tuming will have stopped by the time
all three controls have been moved as recommended.
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(5) Spin charscteristics for the landing condltion
are generally similar to those: for the cleen condition.
If a large. airplane spins whlle coming in for a landing,
the chance of completing recovery 1n the helght avalleble
is slight.

Little consistent informatlon 1s evallable con-
cerning the effects of power (epplied symmetriceslly or
asymuetrically) on spins, slthough 1t is belleved that
application of power in a spin may lead to vibration cf
the structure. Use of power 1ls therefore not recommended
in ettempting rscovsry from splns, except as a last resort.

For a number of reesons, spirs of large elrplanes
are dangerous snd should not be 1nteptionally entered;

(1) The eir loed on the sirplene in a spln mey
exceed three times the alrplene welgzht, corresponding to
an acceleration of 3g, which is the ususl safe structural
1imit for lerge eirplenes. Cscllletions durlng the spin
might so increese the loed thet danger of locsal fellures
or deformations 1in the structure is encountered. (Fighter
alrplanes, on the other hsend, can safely tske an accel-
erstion of 8g.)

(2) The effectiveness of the instruments will be
impaired. In a spin the sartificlal horizon msy be
Inoperative, and the bell bank 1lndicator mey not indicetse
the proper direction in which to move the wheel or rudder.
The rate-of-turn indicator should still function properly.

(3) After the airplane stops splnning, it 1s in a
dlve and galns speed repidiy. 'The pllot must pull the
elrplene out of the dive befors the maximum permlssible
diving speed 1s resched. Very skillful plloting 1s
requlired to avoid elther pulling up too rapidly, which
would impose severe structurel loeds or even stall the
elrplane agaln, or pulling up too slowly snd exceedlng
the safe dlving speed. In any case, a conslderable loss
In altitude would be experiencsd before the elrplene
resumed level flight.

(L) A1l three controls will tend to blow with the
spin. Because of the large surfaces and high alrspeeds,
. the controls wlll be hard to move. The pilot may there-
fore heve to make use of trelling-edge tebs or other
booster dsevlices to helr 1n obtalning the desired control
movements. ,
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(5) Bigh centrifugal force would affect the orew
.-phyaiclogicslly and might meke i1t dlfficult to move the
controls or to reach 'dn ésdape hatchi- This -effect would
be most pronounced near the taill portion of the airplane.
A tall gunner probably would no¥ be able to move about.

The smell eirplane may snin steep or flat, A small
alrplane rotates faster then a large alrplane and- has
groater rudder effectlveness for recovery. Recovery for
small alrplanes heavlily loaded -along the fuselage may be:
expedlted by moving the wheel with the spln. Small
airplanes that are heavily loaded along the wings, however,
as by multiple wing guns or wing fuel tanks, wlll have
the same elevator and alleron effectiveness as mentioned
, for large alrplanes, Spins of smell twin-engine airplanes
* will reseidble those of large alrplanevs except for the
higher rate of rotation of theo small airnlanes.

Considerable Informatlon is zvailable on the spln
characteristics of the Douglas DC~3 model and alirplane.
In appendix A, a detalled descriptlon of the model svin
characteristica 1s presentod and the effects of differsnt
loadlngs are described. It 1s shown that 1f a large alr-
plane happcns to be relatively heavilr loaded wmlong the
fuselage, the favorable effect of moving the wheel agalnst
the spin may be lost.

The currently avallable information on pilots!
experiences 1n splns of large airplines ls summarized
in appendlx B. These flight experiences are, on the
whole, consistent with what would have teen ‘expected
from rnhodel test results.

RECOMMENDED PILOTING PROCZDURE

Referonce 1 glves 1in detall gensral recommendations
for plloting procedure for spinning of pursuit airplanes.
With a few exceptlons, thes general principles specified
therein also apply to large alrplanes. For lnadvertent
spins of large alrplanes, the following recommendations
are made:

(1) The pilot shculd aprly sufficlent Gown ‘elevator
to relleve the atall (and increase the speed) at the
very flrst indicatlon of stelling. He muat be careful
not to apply so much down elevator as to increase the
alrapeed excesslvely.
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(2) If the stsll has occurred with power on, the
throttles should be closed when marked rollling hes devel-
oped and the nose has dropped sppreclably. Closing the
throttles whille the nose 1s unusually high may result in
a whip stall.

(3) If the eirplane has rolled off but not yet
wound up into a steble spin, the turning motion should
be checked by moving the stlck forward to unstell the
wing and then using all three controls to regaln level
flight. )

(I,) After the spin has become fully developed end
the controls are wlth the spln, ths most offective con-
trol menlpulation is to move the rudder agalnst the turn
and move the wheel to the same slde as the rudder snd,

about % turn lster, to move the control column forwerd

as far as appesrs necessary. These positlons of the
controls should be held untll recovery ls effected. Once
the airplane beglins to respond, the forwerd movement of
the control column should be stopped, lnaesmuch as this
movement noses the alrplane down and makes the recovery
dilvs steeper so that the subsequent pull-out takes longer.

(5) In & spin while on instrument flight, the ball
benk indlcstor should not be relied upon to indicats the
proper directlon in which to move the wheel or rudder,
but the rate-of-turn indicator should be used to deter-
mins the dlrectlon to move the rudder and to lndicate
when the rotation has stopped.

(6) The dive pull-out should be started as soon as
the spin rotation has stopped 1in order to avold bullding
up too much speed during the dive. The pllot should not
pull out too replidly ss the alrplene might stell egain
cr the structural loads might become excesslve.

(7) The tebs or other booster devices should be
used as much as necessery to obtaln the deslred movements
of the control surfaces. The pllot should be preparsd
to readjust the tebs upon recevery to avold overccntrolling
In the ensuing dive.

Although spinning of large alrplanes hes been suc-
cessfully sccompllshed 1in several lnstences, tihie evldence
points strongly ageinst thls prectice. Even though the
splns may resemble those of some smaeller alrplenes, the
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permissible overloads and diving speeds sre lower and
the controls are much hsrder to move. Large alrplanes
are not deaigned for acrobetios and should not be inten-
“"tlonally spu_n T e e e

Langley Memorial Aeronautlcal Laboratory
Nationel Advisory Committee for Aeronsutics
Lengley Field, Va. .
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APPENDIX A
SPIN CEARACTERISTICS OF MODEL OF THE DOUGLAS DC-3

Model spin characteriatics of the Douglas DC-3 air-
plans were obtalned from tests of a j~-Foot-span model
In the NACA 20-foot free-spinning tunnel. The specific
results 1n terms of equlvalent full-scale data are
described in aome detail for illustrative purposes.

For the fully developed apin with the elevator up,
rudder with the spin, and allerons neutral, the nose
would be down 550 from the horizontal; the rate of
descent at an altitude of 10,000 fest would be 117 miles
per hour (10,300 feet mer minute) and the rate of rota-
tion would be 3.l seconds for one turn. Ths acceleration
at the center of gravity would be 1l.7g. Complete reversal
of the rudder alone would glve a recovery in 1 turn,
after which the alrplane would descend In a steep glide.
Figure 1 shows the airplane motion durlng the last turn
of the spin and during the recovery. After recovering
from such a spin, the alrplane would be 1n a dive at
173 miles per hour true alrspeed (152 mlles per hour
indicated alrspeed at 8500 feet). The pilot thon would
have the alternative of pulling out sharply with resultant
high accelerations or pulling out gradually wlth consid-
erable incresse In speed and loss of gltlitude. If he
increased the acceleratlon to 2g 1n 2 seconds and held
this value during the rest of the pull-out, the airplane
would drop 2000 feet during the pull-out to level flight
and the speed would have increased to 285 miles per hour
true alrspeed or 263 miles per hour indicated alrspeed.
This value of the spesad 18 close to the maxlimum per-
missible diving speed for the DC-3% airplans. If the
pillot had wanted to use the elevator for recovery, it 1is
estimated that he would have had to push 160 pounds on
the control column to start moving it forward. If the
pilot managed to get the control column to neutral before
roversing the rudder, the spin would be a little flatter
and the recovery dive would be steeper than 1f ths control
column remained back.

For the model tests 1n the normal loading condition,
the wheel position did not serlously affect recovery.
For this loading condition, the model did not show the
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usual favorsble effect of moving the wheel agalnst the

spin because, as mentioned earlier, the DC-3 has a rela-
tively heavy load along the fuselage.

Tests of the model in the lightly loaded conditilon,
for which the load dlstributlon was more nesarly like that
of most other lerge salrplanes, showed s very favorable
effect of moving the wheel egalnst the spin end of moving
the elevator down. Tests wlth changes in the center-of-
grevity locetion showed that moving the center of gravity

appreclably forward diminished the tendency of the model
to spin. ' )

e sme mbmm = M e mmem mimp m e Aemmen mew ¢ e i — S e e e s —
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APPENDIX B
FLIGHT TEST RESULTS

Little information 1s avallable on intentional spins
of large alrplesnes. Information avseilable on lnadvertent
spins 1s of questionable accuracy because of the confu~-
sion of pilot and crew, the lack of prepared instrumen-
tation, and the fect tkat the pilot is concentrating on
trying to recover from tke spin. This uncertalnty in the
informatlion should be borne in mind in evalurting the
followling specific information on full-scsle spin
experlences.

Douglaes LC-3 eirplsns.~ The following instances have
been reported concerning spin experiences in the DC-3 :
airplane (twin engine, 25,550 1b):

(1) A chief pllo% for pn alrline cpmpany performed
intentionsl spins with the DC-% alirplene seversl years
ago. The following resvlts were obtalnsd: Three spins
were mede with wheels up end ons with wheels down. All
spins were entered at an altitude of 8000 feet. For
tlhess tests the ailrplane weight was only 22,000 pounds.
One spin of 2 turns was mede wlith each engine operating
at 150 horsepower. There was no effect of power or of
lending gear. The longest spin lgsted 3 turns. All the
time the alrplane was spinning, considereble force was
necessary to hold the sllerons in the neutral position
and there was s very marked buffeting of the tail sur-
faces. The nose was well down, not being more then 15°
Tfrom the verticel. No trouble wasa experienced in
bringing the slrplene out of the spin; 1t was necessary
only to neutrelize the controls after which the spin

stopped 1in less then %-turn. The maximum indicated

airspeed noticed during the spin was 150 miles per hour.
On recovery the sirplane attalned an indlcasted alrspesd
of spproximately 200 miles per hour. In meking three
turns, the eirplens lost approximately 3000 feet of altl-
tude from the time that the apln wes entered until
recovery was campleted snd the alrplane wes In level
flight.

(2) Other instences heve been reported where diffi-
culty was encountered. In one lnstence the spln was

. B x P - —
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entered accidentslly with wheels and flaps down end with
pertial power. The flaps were retracted snd the powsr
reduced. An sttempt to stop the spin with the rudder
brought no results. Full power was spplied to the
inboard engine with nc effect. The rudder was then
neutralized and the control column pushed forwsrd with
considerable force at which time the spin stopped.

(3) Severel pilatas have reported going into 2-turn
spins in bad weather or during training maneuvers. The
pllots indicate that the ailerons whip towerd the direc-
tion of spin as the airplane enters the spin. Recovery
was generally successfully asccomplished by neutrallzing
or reversing all the controls. A 3-turn spin has been
reported during which the nose was [j5° down. The loss
in altitude during a l-turn spin and pull-out from the
ensuilng dive has been reported as 3000 feet.

YFM-1 airplene,~ The YFM-=1 alrplane {(twin engine,
18,150 1b) entered a spin inadvertently from an
asymetric-power flight condition. The rudder blew with
the spin and the pilot could not push hsrd enough to
move the pedel. The spin was steep. When the co-pllot
Jumped, he struck and bent the leading edge of the fin
and also struck the rudder. At about this time, the
pilot found that he waes sble to move the rudder. The
pllot then applied opposite rudder and followed by
moving the stick forwsrd snd glving opposite aileron,
which brought the sirplane out of the apin. This spin
lasted 19 turns.

B~26 airplane.~ A service pilot prscticing evasive

action stalled a B-26 airplene (twin engine, 26,650 1b)
and spun very steeply. He appllied controls with the
spin for one turn, then gave full opposite rudder, and
after one more turn moved the stick forwerd. When thls
manipulation hed no effect for two turns, he repesated
the entire series of control movements; then after two
more turns the alrplsne recovered in e vertical dive.
This spin lasted about 7 turns. The co-pilot had oclosed
the throttles efter the first turn. The controls were
very difficult to move.

P-70 airplene.- Several P-70 airplanes (twin .engine,
21,245 1b) hsve been lost in spins. Detsaslls are lacking
but 1t 13 suspected that high stick forces may have been
a contributing factor.
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B=17 and B-2li asirplanes.-~ Two four-engine designs,

the B~17 (52,000 1b) send the B-2l (50,000 1b) have been
reported in spins several times. In some lnstances
serlous structural damage and loss of the airplanes
resulted. In one case, control forces were reported to
be high but the combined efforts of the-pilot and co-
Pilot finally moved the elevator and rudder controls and
effected recovery. The spin was steep. A crew member
near the middle of the fuselage was able to move about
but the taell gunner wes unaeble Lo move becsause of cen-
trifugel force.

Boeing 307 airplane.- It is thought that the breaking
up of an experimental Boeing 307 airplane (four englne,
L}2,500 1b) in flight might have occurred during recovery
from a dive subsequent to a 2- or 3-turn inadvertent
spin. :

P-38 alirplsne.- Thes P-38 airplene (11,300 1b), which

1s a small twin-engline design end 1s similar to some of
the large types, has been spun severel times. The test
pllot reported that on one occasion he was unsble to move
any of the three controls from their with-the-spin posi-
tion after a spin of 3 turns. He regsined control after
eight turns by applying power to both engines.

It would be appreciated 1f pllots having additionel
Information on sctual spln experiences 1in large alrplanes
would transmit pertinent data to the Nationsl Advisory
Coonmittee for Aeronautics at Washington, D. C. -
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